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Description 

[0001] The present invention relates to pharmaceutical controlled release beads comprising a drug, to a formulation 
containing said controlled release beads, and to a method of preparing said beads. 

5 [0002] A common type of controlled release beads comprises an inert core, such as a sugar sphere, coated with an 
inner drug-containing layer and an outer membrane layer controlling drug release from the inner layer. 
[0003] An example of such controlled release beads is described in US-A-5,783,215 where each bead comprises 
(i) a core unit of a soluble or insoluble inert material, (ii) a first layer on the core unit comprising an active ingredient 
dispersed in a hydrophilic polymer, (iii) an optional second layer of hydrophilic polymer covering the first layer, and (iv) 

10 an outermost membrane layer effective for controlled release of the active ingredient. 

[0004] In the above and similar controlled release beads it is not uncommon to apply a "sealcoat" in the form of a 
small amount (e.g. 1-3%) of a water-soluble polymer, such as hydroxypropylmethyl cellulose (HPMC) or polyvinylpyr- 
rolidone (PVP), between the inert core and the layer containing the active ingredient. The purpose thereof is generally 
to isolate the drug from the core surface in the event that a drug-core chemical interaction is possible, and/or to smooth 

15 the surface of the inert core such that the surface area is more consistent from lot to lot to thereby improve the coating 
quality when the drug layer and the controlled release membrane layers are applied. 

[0005] WO96/01621 refers to controlled release beads, optionally layered with a first inner layer of hydrophilic pol- 
ymer, further layered with an active substance being optionally layered with an outer membrane for controlled release. 
[0006] WQ96/29992 discloses a controlled release diltiazem formulation comprising inert cores layered with the 
20 active substance and further layered with a polymeric coating material. 

[0007] EP 0061 21 7 A2 describes an Ibuprofen containing sustained release pharmaceutical composition comprising 
spheroids consisting of a core and a layer of active principle applied on the core and an outer coating of active excipient 
forming the sustained release membrane. 

[0008] According to the present invention, it has now surprisingly been found that by applying a relatively thick layer 
25 of a water-insoluble polymer to the inert core as a sealcoat. several advantages may be obtained in addition to those 
mentioned above. 

[0009] Firstly, in case of a soluble core like one of sugar, for example, the amount of time that the solution within the 
bead would be saturated with respect to drug may be maximized. Thus, by preventing the soluble core from being a 
reservoir for drug dissolution, the relative time that a saturated solution would remain within the bead during the release 

30 period can be increased considerably. This means that a substantially longer zero order drug release phase (the phase 
when the drug release rate is essentially constant) will be obtained (and less in the undesirable declining release rate 
phase). In other words, generally, the use of a thick sealcoat layer will permit the drug release profile to be altered in 
a predictable fashion, in particular for drugs with a moderate to high water solubility. Also, without drug migrating into 
the sealcoat, all drug will get released. 

35 [001 0] Secondly, the potential influence of the core material on drug release, in particular osmotic pressure or swelling 
of the core material which could potentially cause internal pressure and film rupture, may be minimized. 
[001 1] Thirdly, the substantial initial lag phase (no or very low amount of drug release early) that is generally observed 
with the prior art controlled release beads, especially for slower release formulations where the water influx is slower, 
may be substantially reduced or eliminated relatively independently of the steady state release rate. 

<o [0012] Therefore, in a first aspect, the present invention provides a controlled release bead comprising: 

(i) a core unit of a substantially water-soluble or water-swellable inert material having; 

(ii) a first layer on the core unit of a substantially water-insoluble polymer; 

(iii) a second layer covering the first layer and containing an active ingredient; and 

45 (iv) a third layer on the second layer of polymer effective for controlled release of the active ingredient, 

wherein said first layer is adapted to control water penetration into the core. 
[0013] The term "control water penetration into the core" as used above means that the water influx to the core 
should be retarded in a controlled manner to such an extent that the drug release profile will be altered in a predictable 
50 fashion. Thus, while in many cases it may be preferred that the water penetration into the core is substantially or 
completely eliminated, a certain, controlled influx of water to the core may be acceptable in other cases. 
[0014] The above-mentioned first layer of water-insoluble material may also serve to provide mechanical integrity to 
the core. 

[0015] Optionally, the above-mentioned third, or controlled release layer is coated with one or more additional layers 
55 of water-soluble or insoluble polymer, e.g. a non-thermoplastic soluble polymer to decrease tackiness of the beads for 
subsequent processing, such as curing and filling into capsules, or a secondary functional coating, such as an enteric 
coating that delays the onset of drug release. Optionally, such an additional layer may contain drug for immediate 
release. 
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[0016] Usually, the first layer (ii) above constitutes more than 2% (w/w) of the final bead composition, preferably 
more than 3% (w/w), e.g. from 3% to 80% (w/w). 

[0017] The amount of the second layer (ii) above usually constitutes from 0.05 to 60 % (w/w), preferably from 0.1 to 
30 % (w/w) of the final bead composition. 
5 [0018] The amount of the third layer (iv) above usually constitutes from 1 to 50 % (w/w), preferably from 2 to 25 % 
(w/w) of the final bead composition. 

[0019] The core unit typically has a size in the range of from 0.05 to 2 mm. 

[0020] In a second aspect, the present invention provides a multiple unit formulation comprising said controlled re- 
lease beads, such as a capsule or a tablet. 

10 [0021] The cores are preferably of a water-soluble or swellable material, and may be any such material that is con- 
ventionally used as cores or any other pharmaceutically acceptable water-soluble or water-swellable material made 
into beads or pellets. Especially, the beads are spheres of sucrose/starch (Sugar Spheres NF), sucrose crystals, or 
extruded and dried spheres typically comprised of excipients such as microcrystalline cellulose and lactose. 
[0022] The substantially water-insoluble material in the first, or sealcoat layer is generally a "Gl insoluble" or "Gl 

15 partially insoluble" film forming polymer (latex or dissolved in a solvent). As examples may be mentioned ethyl cellulose, 
cellulose acetate, cellulose acetate butyrate, polymethacrylates such as ethyl acrylate/methyl methacrylate copolymer 
(Eudragit NE-30-D) and ammonio methacryiate copolymer types A and B (Eudragit RL30D and RS30D), and silicone 
elastomers. Usually, a plasticizer is used together with the polymer. Exemplary plasticizers include: dibutylsebacate, 
propylene glycol, triethylcitrate, tributylcitrate, castor oil, acetylated monoglycerides, acetyl triethylcitrate, acetyl butyl- 

20 citrate, diethyl phthalate. dibutyl phthalate, triacetin, fractionated coconut oil (medium-chain triglycerides). 

[0023] The second layer containing the active ingredient may be comprised of the active ingredient (drug) with or 
without a polymer as a binder. The binder, when used, is usually hydrophilic but may be water-soluble or water-insoluble. 
Exemplary polymers to be used in the second layer containing the active drug are hydrophilic polymers such as poly- 
vinylpyrrolidone (PVP), polyalkylene glycol such as polyethylene glycol, gelatine, polyvinyl alcohol, starch and deriv- 

25 atives thereof, cellulose derivatives, such as hydroxypropylmethyt cellulose (HPMC), hydroxypropyl cellulose, car- 
boxymethyl cellulose, methyl cellulose, ethyl cellulose, hydroxyethyl cellulose, carboxyethyl cellulose, carboxymethyl- 
hydroxyethyl cellulose, acrylic acid polymers, polymethacrylates, or any other pharmaceutically acceptable polymer. 
[0024] A wide variety of therapeutically active agents may be used in conjuction with the present invention. While 
the therapeutic agent usually is a low or medium dose drug, also high-dose drugs may be contemplated for use in the 

30 present invention. The therapeutic agent is preferably a soluble or moderately water-soluble drug (e.g. having a solu- 
bility corresponding to from less than 1 to about 30 ml of water per gram of solute at a temperature between 1 5 °C and 
25 °C). 

[0025] The ratio of drug to hydrophilic polymer in the second layer is usually in the range of from 1 :1 00 to 100:1 (w/w). 
[0026] Suitable polymers for use in the third layer, or membrane, for controlling the drug release may be selected 

35 from water-insoluble polymers or polymers with pH-dependent solubility, such as, for example, ethyl cellulose, hydrox- 
ypropylmethyl cellulose phthalate, cellulose acetate phthalate, cellulose acetate trimellitate, polymethacrylates, or mix- 
tures thereof, optionally combined with plasticizers, such as those mentioned above. Optionally, the controlled release 
layer comprises, in addition to the polymers above, another substance(s) with different solubility characteristics, to 
adjust the permeability, and thereby the release rate, of the controlled release layer. Exemplary polymers that may be 

40 used as a modifier together with, for example, ethyl cellulose include: HPMC, hydroxyethyl cellulose, hydroxypropyl 
cellulose, methylcellulose, carboxymethylcelluiose, polyethylene glycol, polyvinylpyrrolidone (PVP), polyvinyl alcohol, 
polymers with pH-dependent solubility, such as cellulose acetate phthalate or ammonio methacrylate copolymer and 
methacryiic acid copolymer, or mixtures thereof. Additives such as sucrose, lactose and pharmaceutical grade sur- 
factants may also be included in the controlled release layer, if desired. 

45 [0027] In a third aspect, the present invention provides a method for producing the controlled release beads and 
formulation, respectively. This method comprises the following steps: 

a) providing a core unit of a substantially water-soluble or water-swellable material; 

b) applying a first layer of a substantially water-insoluble polymer to said core; 

50 c) applying onto said first layer, a second layer comprising an active ingredient and optionally a polymer binder; and 

d) applying onto said second layer, a third polymer layer effective for controlled release of the active ingredient; 

wherein the amount of material in said first layer is selected to provide a layer thickness that permits control of 
water penetration into the core. 
55 [0028] Optionally, the method comprises the further step of applying one or more additional polymer layers to the 
core as has been mentioned above. 

[0029] The preparation of the multiple unit formulation comprises the additional step of transforming the prepared 
beads into a pharmaceutical formulation, such as by filling a predetermined amount of the beads into a capsule, or 
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compressing the beads into tablets. 

[0030] The layering or coating operations are preferably performed by spraying a solution or dispersion of the re- 
spective layer materials onto the core, preferably in a fluid bed coating apparatus. 

[0031] After the final coating step, the beads are optionally "cured", usually in a fluid bed system or in a tray dryer 
5 system, by heating to a temperature of about 30-80°C, for 30 to 180 minutes, for example. Suitably, the beads are 
then cooled below about 35° C before stopping the process. 

[0032] The pharmaceutical formulation of the invention may be administered orally. 

[0033] An exemplary class of compounds which may be used as active ingredients in the present invention comprises 
the 3,3-diphenylpropylamines disclosed in US-A-5,382,600, US-A-5, 559,269 and US-A-5,686,464 and having the gen- 
10 eral formula: 



15 



20 




wherein R y signifies hydrogen or methyl; R 2 . R 3 and R 4 independently signify hydrogen, methyl, methoxy, hydroxy, 
hydroxymethyl, carbamoyl, sulphamoyl or halogen; and X represents a tertiary amino group -NRs.Re, wherein R 5 and 
Rg signify non-aromatic hydrocarbyl groups, which may be the same or different, especially C^-alkyl or adamantyl, 
and which together contain at least three, preferably at least four carbon atoms, and each of which may carry a hydroxy 

30 substituent, and wherein R§ and R$ may form a ring together with the amine nitrogen, preferably a non-aromatic ring 
having no heteroatom other than the amine nitrogen, their salts with physiologically acceptable acids and, when the 
compounds can be in the form of optical isomers, the racemic mixture and the individual enantiomers. An exemplary 
specific compound is tolterodine, i.e. (R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl>-3-phenylpropanamine, as well 
as the corresponding (S)-enantiomer, the racemate and the active 5-hydroxym ethyl metabolites, prodrug forms and 

35 pharmaceutical^ acceptable salts thereof. 

[0034] Useful analogues to the above compounds are disclosed in WO 98/43942. 

[0035] The above as well as the latter compounds have anticholinergic activity and may be used for treating, inter 
alia, urinary disorders including overactive urinary bladder. The overactive bladder condition gives rise to urinary fre- 
quency, urgency and/or urge incontinence. Overactive bladder disorders also include nocturia, i.e. awakening at night 

40 to urinate. While overactive bladder is often associated with detrusor muscle instability, disorders of bladder function 
may also be due to neuropathy of the central nervous system (detrusor hyperreflexia) including spinal cord and brain 
lesions, such as multiple sclerosis and stroke. Overactive bladder symptoms may also result from, for example, male 
bladder outlet obstruction (usually due to prostatic hypertrophy), interstitial cystitis, local edema and irritation due to 
focal bladder cancer, radiation cystitis due to radiotherapy to the pelvis, and cystitis. The compounds also have spas- 

45 molytic activity and may be useful for treating gastrointestinal disorders, including gastrointestinal hyperactivity. 

[0036] Specifically, the beads and multiple unit formulation, respectively, according to the present invention have 
proved to be very suitable for administering the above-mentioned drug tolterodine, the chemical name of which is (R) 
-N,N-diisopropyl-3-(2-hydroxy-5-methytphenyl>-3-phenylpropanamine t and would likewise be suitable for its related 
compounds, i.e. the major, active metabolite of tolterodine, i.e. (R)-N,N-diisopropyl-3-(2-hydroxy-5-hydroxymethylphe- 

50 nyl)-3-phenylpropanamine; the corresponding (S)-enantiomer to tolterodine, i.e. (S)-N,N-diisopropyl-3-(2-hydroxy- 
5-methylphenyl)-3-phenylpropanamine; the 5-hydroxymethyl metabolite of the (S)-enantiomer, i.e. (S)-N,N-diisopropyl- 
3-(2-hydroxy-5-hydroxymethylphenyl)-8-phenylpropanamine; as well as the corresponding racemate to tolterodine, i. 
e. (R,S)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-phenylpropanamine; and prodrug forms and pharmacologi- 
cally acceptable salts thereof. 

55 [0037] Tolterodine is marketed for the treatment of unstable or overactive urinary bladder with symptoms including 
urge incontinence, urgency and urinary frequency. The 5-hydroxymethyl metabolite of tolterodine mentioned above 
contributes significantly to the therapeutic effect of tolterodine. A salient feature of tolterodine is that it has considerably 
less side-effects than the previously conventionally used drug, oxybutynin, especially regarding the propensity to cause 



4 



EP1 128 819 B1 



dry mouth. 

[0038] When tolterodine is the active ingredient in the controlled release bead, the fraction of active ingredient that 
is released in vitro is preferably not more than 30% after 1 hour, from 40 to 85% after 3 hours, and not less than 80% 
after 7 hours. 

5 [0039] Administration of the controlled release formulation according to the present invention permits a well controlled 
release of tolterodine, and thereby a substantially constant serum level of active moiety or moieties to be maintained 
in the patient for at least 24 hours. 

[0040] By the term "active moiety or moities" is meant, in the case of tolterodine and its related compounds, the sum 
of free or unbound (i.e. not protein bound) concentrations of (i) tolterodine and active metabolite thereof, when toltero- 

10 dine (or prodrug form) is administered; or (ii) tolterodine and active metabolite thereof and/or (S)-enantiomer to toltero- 
dine and active metabolite thereof, when the corresponding racemate (or prodrug form) is administered; or (iii) active 
metabolite, when the (R)-5-hydroxymethyl metabolite of tolterodine (or prodrug form) is administered; or (iv) (S)-enan- 
tiomer to tolterodine and active metabolite thereof, when the (S)-enantiomer (or prodrug) is administered; or (v) active 
(S)-metabolite, when the (S)-5-hydroxym ethyl metabolite is administered. 

15 [0041] The term "substantially constant" with respect to the serum level of active moiety or moieties means that the 
serum profile after administration of the controlled release formulation does essentially not exhibit any peak values. 
This may also be expressed mathematically by reference to the "fluctuation index" (Fl) for the serum concentration of 
(unbound) active moiety (or sum of active moities when relevant), where the fluctuation index Fl is calculated as 

20 

Fl = (Cmax - CminyAUCx/x 

wherein Cmax and Cmin are the maximum and minimum concentrations, respectively, of active moiety, AUCt is the 
area under the serum concentration profile (concentration vs time curve), and i is the length of the dosage interval 
25 during the time z. The controlled release formulation according to the present invention readily permits a mean fluctu- 
ation index (for n being at least 30) that is not higher than about 2.0, more preferably not higher than about 1 .5, par- 
ticularly not higher than about 1 .0, for example not higher than about 0.8. 

[0042] For tolterodine and its 5-hydroxymethyl metabolite, the 24-hour exposure, expressed as AUC unbound active 
moiety (tolterodine plus metabolite) is usually in the range of from about 5 to about 150 nM*h, preferably from about 

30 10 to about 120 nM*h, depending on the dosage needed by the particular patient. The indicated limits are based upon 
calculation of the unbound concentrations of active moiety assuming a fraction unbound of 3.7% for tolterodine and 
36% for the 5-hydroxymethyl metabolite (Nilvebrant, L. et al., Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136). 
[0043] Correspondingly, for tolterodine and its 5-hydroxymethyl metabolite, the average unbound (blood) serum or 
plasma levels of active moiety (tolerodine plus metabolite) are usually in the range of about 0.2 to about 6.3 nM, 

35 preferably in the range of about 0.4 to about 5.0 nM. 

[0044] Tolterodine, its corresponding (S)-enantiomer and racemate and the preparation thereof are described in e. 
g. the above-mentioned US-A-5,382,600. For a description of the active (R)-5-hydroxymethyl metabolite of tolterodine 
(as well as the (S)-5-hydroxymethyl metabolite), it may be referred to the above-mentioned US-A-5,559,269. The (S)- 
enantiomer, its non-cholinergic spasmolytic activity and use in the treatment of urinary and gastrointestinal disorders 

40 are described in WO 98/03067. 

[0045] The invention will now be described in more detail by the following nonlimiting Examples. Reference will be 
made to the accompanying drawings, wherein: 

Fig. 1 is a diagram showing the fraction of released drug versus time for tolterodine beads according to Example 
45 1 below with different sealcoat thicknesses; and 

Fig. 2 is a diagram showing the fraction of released drug versus time for tolterodine beads according to Example 
1 below with 14 % (w/w) and 0 % (w/w) seal coat, respectively. The polymer composition in the third layer of the 
beads with 0 % sealcoat has been adjusted in order to produce approximately similar initial drug release as from 
beads with 14 % sealcoat. 

50 

EXAMPLE 1 

[0046] An exemplary bead containing tolterodine L-tartrate as active ingredient has the following structure: 

55 Core: Starch-containing sugar sphere of about 0.8 mm diameter (commercially available); comprises 73 % 

w/w of the final bead; purpose: coating substrate; 

First layer : Surelease® "sealcoat" (Surelease® is an aqueous film-coating dispersion, about 25% solids, con- 
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sisting primarily of ethylcellulose plasticized with fractionated coconut oil, and manufactured by Color- 
con, Inc. USA); comprises about 12 % w/w of the final bead; purpose: to provide more consistent 
core surface; during drug release phase maximize time that drug is saturated inside bead and mini- 
mize osmotic effects; control drug release rate together with the third layer; 

5 

Second layer: Tolterodine L-tartrate/hydroxypropylmethylcellulose (HPMC); comprises about 3 % w/w of the final 
bead; ratio of Tolterodine: HPMC is 5:1; 
purpose: drug supply; 

10 Third layer: Surelease®/HPMC; comprises about 12 % w/w of the final bead; ratio of Surelease®:HPMC is 6:1 ; 
purpose: drug release rate control; 

[0047] Beads with a three-layer coating having the above characteristics were prepared as follows: 
[0048] 1200 g of sugar spheres, 20-25 mesh, were charged into a Wurster fluid bed and sequentially coated at a 
15 nominal product temperature of 36 to 40°C with the following three coating liquids: 

(1 ) a Surelease® sealcoating liquid prepared by mixing 788 g of Surelease® with 563 g of purified water; 
- (2) a drug-containing solution prepared by first dissolving 35.0 g of tolterodine L-tartrate in 21 90 g of purified water, 
and then mixing the solution with 6.6 g of hydroxypropylmethyl cellulose (HPMC) 5 cP; and 
20 - (3) a sustained release coating liquid prepared by mixing 29 g of HPMC 5 cP with 375 g of purified water, and then 
mixing with 695 g of Surelease®. 

[0049] After tray drying for 3 hours at 70°C, the coated spheres were filled into size #4 or size #3 hard gelatin capsules 
to obtain 2 mg and 4 mg tolterodine L-tartrate capsules, respectively, of the composition: 

25 





2 mg capsule 


4 mg capsule 


Tolterodine L-tartrate 
sugar spheres, 20-25 mesh 
Surelease® 
HPMC 5cP 


2.0 mg 
68.6 mg 
21.2 mg 

2.0 mg 


4.0 mg 
137.2 mg 
42.4 mg 
4.0 mg 



[0050] Optionally, a fourth layer may be applied to the bead before drying by Wurster coating. 

35 Fourth layer : HPMC; comprises about 1 % w/w of the final bead; purpose: decrease tackiness of beads for subse- 
quent processing (curing and capsule filling). 

[0051] In the case of the above described bead, such a fourth layer may be applied with a coating solution prepared 
by dissolving 16.4 g of HPMC in 234 g of water. 

40 

Study of effect of sealcoat thickness 

[0052] The effect of the sealcoat thickness on drug release was tested as follows. 

[0053] Four lots of 20-25 mesh beads were prepared that contained (i) a Surelease® sealcoat layer at 0, 2, 10 or 
45 14% level, (ii) an HPMC/drug (tolterodine L-tartrate) layer at 4% level (drug:HPMC ratio =5:4), (iii) a Surelease®/HPMC 
layer at 10% level (Sureiease®:HPMC ratio = 6:1 ratio), and (iv) a final HPMC layer at 1%. These were prepared 
essentially as described above and cured 1 hr at 70 °C. 

[0054] Note that the coating level for layer (i) is expressed relative to the sum of the core plus sealcoat while coating 
levels for layers (ii-iv) are expressed relative to the final coated bead weight. 
50 [0055] A fifth lot of beads was also manufactured identical to the 0% sealcoat lot described above except that the 
third coating layer was modified (increase in the Surelease®: HPMC layer from a 6:1 to a 11 :1 ) such that the initial 
drug release rate was similar to the 14% sealcoat formulation described above. 

[0056] The in vitro drug release at 37°C in phosphate buffer pH 6:8 with addition of 0.22M potassium chloride was 
measured. The USP dissolution test apparatus 1 was used. The results are shown in the diagrams in Fig. 1 and 2. As 
55 shown in Fig. 1 , as the sealcoat layer gets thicker, the drug release rate both decreases and becomes more zero-order. 
[0057] Fig. 2 shows the comparison of the 0% sealcoat formulation (11:1 Surelease®: HPMC) to the 14% sealcoat 
(6:1 the Surelease®: HPMC). It can be seen that, after a slight lag period observed by the 0% sealcoated beads, the 
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initial drug release rates are similar. However, after approximately 15-20% of the drug is released, the release rate 
from beads with 0 % sealcoat beads falls while release rate from the 14% sealcoat remains extremely zero order. 
Indeed, for the 0 % sealcoat beads the release rate between 45-60% is only approximately half of the initial (first 20 
%) release rate. Comparatively, for the 14% sealcoat lot, the release rate between 45-60% range is identical to the 
5 rate over the first 20%. 

[0058] In an analogous manner to the procedure described in Example 1 above, other exemplary bead formulations 
containing tolterodine L-tartrate as the active ingredient were prepared as described in Examples 2 and 3 below. 

EXAMPLE 2 

10 

[0059] 400 g of sugar spheres ( 20-25 mesh, Edward Mendell Co, USA) were charged into a top-spray fluid bed 
coater (Nica, Sweden) and coated with Surelease® and thereafter cured in a drying cabinet at 70°C for 5 hours. 
[0060] A solution of tolterodine-L-tartrate and hydroxypropyl cellulose (HPC) in water was sprayed onto the coated 
cores. 

15 [0061] The spheres obtained were then coated with a mixture of ethylcellulose, hydroxypropytcellulose and triethyl- 
citrate (plasticizer). The coating materials were dissolved in a mixture of dichlormethane and ethanol. 
[0062] The resulting beads had the following composition expressed as % (w/w): 



20 



25 



Sugar spheres 


75.7 


Surelease® 


13 


Tolterodine L-tartrate 


4.9 


HPC 


1.5 


Ethylcellulose 


4.3 


Triethyt citrate 


0.6 



[0063] The obtained spheres showed extended release of tolterodine L-tartrate over at least 10 hours. The release 
rate was essentially constant. 

30 EXAMPLE 3 

[0064] 4800 g of sugar spheres (1 8-20 mesh, Mendell, USA) were coated in a Wurster fluid bed with Surelease® to 
a theoretical weight gain of 10 % and thereafter cured in a drying cabinet at 6QPC for 6 hours. 
[0065] A solution of tolterodine L-tartrate and hydroxypropylmethyl cellulose (HPMC) in water was sprayed onto 1200 
35 g of the cured sphere cores. 

[0066] 1000 g of the obtained spheres were then coated by spraying with an aqueous dispersion of a cross-linked 
latex of hydroxyl-end blocked potydimethylsiloxan (PDMS, Dow Coming; USA) and colloidal silica (Dow Coming, USA) 
to a theoretical weight gain of 15%. 

[0067] The resulting beads had the following composition expressed as % (w/w): 



45 



Sugar spheres 


76 


Surelease® 


7.8 


Tolterodine L-tartrate 


2.8 


HPMC 


0.4 


PDMS 


8.7 


Colloidal silica 


4.3 



[0068] The obtained spheres showed extended release of tolterodine L-tartrate over at least 11 hours. The release 
50 rate was nearly constant. 



Claims 

55 1. A controlled release bead comprising: 

(i) a core unit of a substantially water-soluble or water-swellable inert material; 

(ii) a first layer on the core unit of a substantially water-insoluble polymer, 
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(iii) a second layer covering the first layer and containing an active ingredient; and 

(iv) a third layer of polymer on the second layer effective for controlled release of the active ingredient, 

wherein said first layer is adapted to control water penetration into the core. 

2. The bead according to claim 1 , wherein the amount of polymer in said first layer is sufficient to substantially retard 
water penetration into the core. 

3. The bead according to claim 1 or 2, wherein the thickness of said first layer is sufficient to affect the drug release 
rate from the bead. 

4. The bead according to claim 1, 2 or 3, wherein the amount of the first layer constitutes more than 2% (w/w), 
preferably more than 3% (w/w) of the final bead composition. 

5. The bead according to any one of claims 1 to 4, wherein the amount of said second layer usually constitutes from 
0.05 to 60 % (w/w), preferably from 0.1 to 30 % (w/w) of the final bead composition. 

6. The bead according to any one of claims 1 to 5, wherein the amount of said third layer usually constitutes from 1 
to 50 % (w/w), preferably from 2 to 25 % (w/w) of the final bead composition. 

7. The bead according to any one of claims 1 to 6, wherein said third polymer layer is coated with a fourth layer of a 
water-soluble polymer or an additional functional coating. 

8. The bead according to any one of claims 1 to 7, wherein said active ingredient is selected from compounds having 
the general formula: 



wherein R 1 signifies hydrogen or methyl; R 2 , R 3 and R 4 independently signify hydrogen, methyl, methoxy, hydroxy, 
hydroxymethyl, carbamoyl, sulphamoyl or halogen; and X represents a tertiary amino group -NRg.Rg, wherein R 5 
and R 6 signify non-aromatic hydrocarbyl groups, which may be the same or different, especially C^-alkyl or ad- 
amantyl, and which together contain at least three, preferably at least four carbon atoms, and each of which may 
carry a hydroxy substituent, and wherein R5 and Rg may form a ring together with the amine nitrogen, preferably 
a non-aromatic ring having no heteroatom other than the amine nitrogen, their salts with physiologically acceptable 
acids and, when the compounds can be in the form of optical isomers, the racemic mixture and the individual 
enantiomers. 

9. The bead according to claim 8, wherein said active ingredient is selected frorrrtolterodine, the 5-hydroxymethyl 
metabolite of tolterodine, the (S)-enantiomer of tolterodine, the 5-hydroxymethyl metabolite of the (S)-enantiomer 
of tolterodine, the racemate of tolterodine, and prodrug forms and pharmacologically acceptable salts thereof. 

10. The bead according to claim 9, wherein said active ingredient is tolterodine or a pharmacologically acceptable salt 
thereof. 

11. The bead according to claim 10, wherein the fraction of active ingredient that is released in vitro is not more than 
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30% after 1 hour, from 40 to 85% after 3 hours, and not less than 80% after 7 hours. 

12. The bead according to any one of claims 1 to 1 1 , wherein the polymer material of said first layer comprises ethyl 
cellulose. 

5 

13. The bead according to any one of claims 1 to 12, wherein said second layer comprises hydroxypropylmethyl cel- 
lulose as binder. 

14. The bead according to any one of claims 1 to 13, wherein the polymer material of said third layer comprises a 
10 combination of hydroxypropylmethyl cellulose and ethyl cellulose. 

15. The bead according to any one of claims 1 to 14, wherein the core unit has a size of 0.05 to 2 mm. 

16. A multiple unit formulation comprising a controlled release bead according to any one of claims 1 to 15. 

15 

17. The multiple unit formulation according to claim 16 which is a capsule. 

18. A method of producing a controlled release bead, which method comprises the steps of: 

20 a) providing a core unit of a substantially water-soluble or water-swellable material; 

b) applying a first layer of a substantially water-insoluble polymer to said core; 

c) applying onto said first layer, a second layer comprising an active ingredient and optionally a polymer binder; 
and 

d) applying onto said second layer, a third polymer layer effective for controlled release of the active ingredient; 

25 

wherein the amount of material in said first is selected to provide a layer thickness that permits control of 
water penetration into the core. 

19. Use of therapeutically effective amount of beads according to any one of claims 8 to 15 for the preparation of a 
30 medicament for treating overactive bladder. 

20. Use according to claim 19, wherein the active ingredient is tolterodine or a pharmacologically acceptable salt 
thereof. 

35 21. Use of therapeutically effective amount of beads according to any one of claims 8 to 15 for the preparation of a 
medicament for treating nocturia. 

22. Use according to claim 21 , wherein the active ingredient is tolterodine or a pharmacologically acceptable salt 
thereof. 

40 

23. Use of therapeutically effective amount of beads according to any one of claims 8 to 15 for the preparation of a 
medicament for treating gastrointestinal disorders. 

45 Patentanspruche 

1 . Perle mit gesteuerter Freisetzung, umfassend 

i. eine Kemeinheit aus einem im wesentlichen wasser-ldslichen oder in Wasser quellbaren inerten Material; 
so jj. eine erste Schicht aus einem im wesentlichen wasser-unldslichen Polymer auf der Kemeinheit; 

iii. eine zweite Schicht, die die erste Schicht bedeckt und einen Wirkstoff enthait, und 

iv. eine dritte Schicht aus Polymer auf der zweiten Schicht, die wirksam ist zur gesteuerten Freisetzung des 
Wirkstoffs, 

55 wobei die erste Schicht geeignet ist, das Eindringen von Wasser in den Kern zu steuem. 

2. Perle nach Anspruch 1 , wobei die Menge an Polymer in der ersten Schicht ausreichend ist, urn das Eindringen 
von Wasser in den Kem wesentlich zu verzogern. 
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3. Perle nach Anspruch 1 Oder 2, wobei die Dicke der ersten Schicht ausreichend ist, um die Freisetzungsgeschwin- 
digkeit des Arzneimittels aus der Perle zu beeinflussen. 

4. Perle nach Anspruch 1 , 2 Oder 3, wobei die Menge der ersten Schicht mehr als 2 Gew.%, vorzugsweise mehr als 
5 3 Gew.%, der gesamten Perienzusammensetzung ausmacht. 

5. Perle nach einem der Anspruche 1 bis 4, wobei die Menge der zweiten Schicht ublicherweise 0,05 bis 60 Gew.%, 
vorzugsweise 0,1 bis 30 Gew.%, der gesamten Perienzusammensetzung ausmacht. 

10 6. Perle nach einem der AnsprOche 1 bis 5, wobei die Menge der dritten Schicht ublicherweise 1 bis 50 Gew.%, 
vorzugsweise 2 bis 25 Gew.%, der gesamten Perlen-Zusammensetzung ausmacht 

7. Perle nach einem der AnsprOche 1 bis 6, wobei die dritte Polymerschicht mit einer vierten Schicht aus einem 
wasser-ldslichen Polymer oder einem zusatzlichen funktionellen Oberzug Oberzogen ist 

15 

8. Perle nach einem der AnsprOche 1 bis 7, wobei der Wirkstoff ausgewShlt ist aus Verbindungen der allgemeinen 
Formel 



20 



25 




30 

wobei R t Wasserstoff oder Methyl bedeutet, R 2 , R 3 und R 4 unabhSngig Wasserstoff, Methyl, Methoy, Hydroxy, 
Hydroxymethyl, Carbamoyl, Sulfamoyl oder Halogen bedeuten und X eine tertiare Aminogruppe -NRgRe bedeutet, 
wobei R 5 und Re nichtaromatische Kohlenwasserstoff-Gruppen, die gleich oder verschieden sein k6nnen, insbe- 
sondere C r C 6 -Alkyl oder Adamantyl, bedeuten und die zusammen mindestens 3, vorzugsweise mindestens 4 
35 Kohlenstoffatome enthalten, und von denen jede einen Hydroxy-Substituenten enthalten kann, und wobei R5 und 

R 6 zusammen mit dem Amin-Stickstoff einen Ring, vorzugsweise einen nicht-aromatischen Ring, der kein Hete- 
roatom au&erdem Amin-Stickstoff enthalt, bilden konnen, ihre Salze mit physiologisch annehmbaren S3uren und, 
wenn die Verbindungen in Form von optischen Isomeren vorliegen kflnnen, dem razemischen Gemisch und den 
einzelnen Enatiomeren. 

40 

9. Perle nach Anspruch 8, wobei der Wirkstoff ausgewShlt ist aus Tolterodin, dem 5-Hydroxymethyl-Metaboliten von 
Tolterodin, dem (S)-Enantiomer von Tolterodin, dem 5-Hydroxymethyl-Metaboliten des (S)-Enantiomers von Tol- 
terodin, dem Razemat von Tolterodin, und Vor-Arzneimittelformen und pharmakologisch annehmbaren Salzen 
davon. 

45 

10. Perle nach Anspruch 9, wobei der Wirkstoff Tolterodin oder ein pharmakologisch annehmbares Salz davon ist. 

11. Perle nach Anspruch 10, wobei der Anteil an Wirkstoff, der in vitro freigesetzt wird, nach 1 Stunde nicht mehr als 
30%, nach 3 Stunden 40 bis 85% und nach 7 Stunden nicht weniger als 80% betragt. 

50 

12. Perle nach einem der AnsprOche 1 bis 11, wobei das Polymer-Material der ersten Schicht Ethylcellulose umfafit. 

13. Perle nach einem der AnsprOche 1 bis 12, wobei die zweite Schicht Hydroxypropylmethyl-celulose als Bindemittel 
umfalit 

55 

14. Perle nach einem der Anspruche 1 bis 13, wobei das Polymer-Material der dritten Schicht eine Kombination von 
Hydroxypropylmethyl-celulose und Ethylcellulose umfaBt. 
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15. Perle nach einem der Anspruche 1 bis 14, wobei die Kemeinheit eine GroBe von 0,05 bis 2 mm hat. 

16. Zubereitung mil mehreren Einheiten, umfassend eine Perle mit gesteuerter Freisetzung nach einem der Anspruche 
1 bis 15. 

5 

17. Zubereitung mit mehreren Einheiten nach Anspruch 16, die eine Kapsel ist. 

18. Verfahren zur Herstellung einer Perle mrt gesteuerter Freisetzung, wobei das Verfahren die folgenden Stufen urn- 
faBt: 

10 

a) Bereitstellen einer Kemeinheit aus einem im wesentlichen wasser-los lichen oder in Wasser quellbaren 
Material; 

b) Aufbringen einer ersten Schicht aus einem im wesentlichen wasser-unlCslichen Polymer auf den Kern; 

c) Aufbringen einer zweiten Schicht, umfassend einen Wirkstoff und gegebenenfalls ein Polymer-Bindemittel, 
15 auf die erste Schicht und 

d) Aufbringen einer dritten Polymer-Schicht, die wirksam ist zur gesteuerten Freisetzung des Wirkstoffs, auf 
die zwerte Schicht, 

wobei die Menge an Material in der ersten (Schicht) so ausgewShlt wird, dafc eine Schichtdicke entsteht, die es 
20 ermoglicht, das Eindringen von Wasser in den Kern zu steuem. 

19. Verwendung einer therapeutisch wirksamen Menge an Perlen nach einem der AnsprOche 8 bis 15 zur Herstellung 
eines Arzneimittels zur Behandlung einer Gberaktiven Blase. 

25 20. Verwendung nach Anspruch 1 9, wobei der Wirkstoff Tolterodin oder ein pharmakologisch annehmbares Salz davon 
ist. 

21 . Verwendung einer wirksamen Menge an Perlen nach einem der Anspruche 8 bis 1 5 zur Herstellung eines Arznei- 
mittels zur Behandlung von Nocturie. 

30 

22. Verwendung nach Anspruch 21 , wobei der Wirkstoff Tolterodin oder ein pharmakologisch annehmbares Salz davon 
ist. 

23. Verwendung einer therapeutisch wirksamen Menge an Perlen nach einem der Anspruche 8 bis 15 zur Herstellung 
35 eines Arzneimittels zur Behandlung von gastrointestinalen Stdrungen. 



Revendi cations 

40 1 . perle a liberation controlee comprenant : 

(i) une unite noyau en un materiau inerte sensiblement hydrosoluble ou expansible dans I'eau ; 

(ii) une premiere couche sur I'unite noyau en un polymere sensiblement insoluble dans I'eau ; 

(iii) une deuxieme couche couvrant la premiere couche et contenant un principe actif ; et 

45 (iv) une troisieme couche de polymere sur la deuxieme couche efficace pour une liberation contrdlee du prin- 

cipe actif, 

dans iaquelle ladite premiere couche est adaptee pour contrdler la penetration de I'eau dans le noyau. 

50 2. Perle selon la revendication 1, dans Iaquelle la quantite de polymere dans ladite premiere couche est suffisante 
pour retarder sensiblement la penetration de I'eau dans le noyau. 

3. Perle selon la revendication 1 ou 2, dans Iaquelle Pepaisseur de ladite premiere couche est suffisante pour affecter 
le taux de liberation d'une substance medicamenteuse a partir de la perle. 

55 

4. Perle selon la revendication 1 , 2 ou 3, dans Iaquelle la quantite de la premiere couche represente plus de 2% (m/ 
m), de preference plus de 3% (m/m) de la composition finale de la perle. 
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5. Perle selon I'une quelconque des revendications 1 a 4, dans laquelle la quantity de ladite deuxieme couche re- 
presente en regie generate de 0.05 a 60 % (m/m). de preference de 0,1 a 30 % (m/m) de la composition finale de 
la perle. 
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6. Perle selon Tune quelconque des revendications 1 a 5, dans laquelle la quantite de ladite troisieme couche repre- 
sente en regie generale de 1 a 50 % (m/m), de preference de 2 a 25 % (m/m) de la composition finale de la perle. 

7. Perle selon Tune quelconque des revendications 1 a 6, dans laquelle ladite troisieme couche de polymere est 
revetue d'une quatrieme couche d'un polymere hydrosoluble ou d'un revetement fonctionnel additionnel. 

8. Perle selon Tune quelconque des revendications 1 a 7, dans laquelle ledit principe actif est choisi parmi des com- 
poses ayant la formule generale suivante : 



15 



20 




dans laquelle R t represente I'hydrogene ou le methyle ; R 2 , R 3 et R 4 sont de facon independante I'hydrogene, 
methyle. metoxy, hydroxy, hydroxymethyle, carbamoyl, sulphamoyl ou halogene; et X represente un groupe amino 
tertiaire - NR 5 ,R 6 , dans lequel R 5 et Rg sont des groupes hydrocarbyles non aromatiques, pouvant etre identiques 
ou differents, en particulier un -alkyle ou adamantyl, et contenant ensemble au moins trois, de preference au 
moins quatre atomes de carbone, chacun d'entre eux pouvant porter un substituant hydroxy, et dans lequel Rg et 
Re peuvent former un cycle conjointement avec I'azote de I'amine, de preference un cycle non-aromatique n'ayant 
pas d'autre heteroatome que I'azote de I'amine, leurs sels avec des acides physioiogiquement acceptables et, 
lorsque les composes peuvent etre sous la forme d'isomeres optiques, le melange racemique et les enantiomeres 
individuels. 



9. Perie selon la revendication 8, dans laquelle ledit principe actif est choisi parmi la tolterodine, le metabolite 5-hy- 
35 droxymethyle de la tolterodine, le (S)-enantiomere de la tolterodine, le metabolite 5-hydroxymethyle du (S)-enan- 

tiomere de la tolterodine, le racemique de la tolterodine, ainsi que des formes de pro-medicaments et leurs sels 
pharmaceutiquement acceptables. 

10. Perle selon la revendication 9, dans laquelle ledit principe actif est la tolterodine ou un sel pharmaceutiquement 
40 acceptable de celle-ci. 

11. Perle selon la revendication 10, dans laquelle la fraction du principe actif qui est liberee in vitro ne depasse pas 
30 % apres une heure, est de 40 a 85 % apres trois heures, et n f est pas en-deca de 80 % apres sept heures. 

45 12. Perle selon Tune quelconque des revendications 1 a 11, dans laquelle le materiau polymere de ladite premiere 
couche comprend I'ethylcellulose. 

13. Perle selon I'une quelconque des revendications 1 a 12, dans laquelle ladite deuxieme couche comprend I'hy- 
droxypropylmethylcellulose en tant que liant. 

50 

14. Perle selon I'une quelconque des revendications 1 a 13, dans laquelle le materiau polymere de ladite troisieme 
couche comprend une combinaison d'hydroxypropylmethylcellulose et d'ethylcellulose. 

15. Perle selon I'une quelconque des revendications 1 a 14, dans laquelle I'unite noyau a une tailie de 0,05 mm a 2 mm 

55 

16. Formulation a unites multiples comprenant une perie a liberation contr6lee selon I'une quelconque des revendi- 
cations 1 a 15. 
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17. Formulation a unites multiples selon la revendication 16 sous forme d'une capsule. 

18. Procede de preparation d'une perle a liberation controlee, ledit procede comprenant les etapes suivantes : 

a) fournir une unite noyau en un materiau sensiblement hydrosoluble ou expansible dans I'eau ; 

b) appliquer une premiere couche d'un polymere sensiblement insoluble dans I'eau sur ledit noyau ; 

c) appliquer sur ladite premiere couche une deuxieme couche comprenant un principe actif et eventuellement 
un liant polymere ; et 

d) appliquer sur ladite deuxieme couche une troisieme couche polymere efficace pour une liberation controlee 
du principe actif ; 

dans lequel la quantite de materiau dans ladite premiere couche est choisie de facon a fournir une epaisseur de 
couche permettant de contrdler la penetration de I'eau dans le noyau. 

19. Utilisation d'une quantite therapeutiquement efficace de pedes selon Tune quelconque des revendications 8 a 15 
pour la preparation d'un medicament destine au traitement de I'hyperactivite de la vessie. 

20. Utilisation selon la revendication 19, dans lequel le principe actif est la tolterodine ou un sel pharmaceutiquement 
acceptable de celle-ci. 

21. Utilisation d'une quantite therapeutiquement efficace de pedes selon Tune quelconque des revendications 8 a 15 
pour la preparation d'un m6dicament destine au traitement de la nocturie. 

22. Utilisation selon la revendication 21 , dans laquelle le principe actif est la tolterodine ou un sel pharmaceutiquement 
acceptable de celle-ci. 

23. Utilisation d'une quantite therapeutiquement efficace de pedes selon Tune quelconque des revendications 8 a 15 
pour la preparation d'un medicament destine au traitement des troubles gastro-intestinaux. 
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